Twenty-six full-term infants delivered vaginally were studied. There were 16 males and 10 females. Capillary blood samples for glucose were obtained hourly. When the infant voided spontaneously, the urine collection for determination of epinephrine (E), norepinephrine (NE), metanephrine (M), normetanephrine (NM), and vanillylmandelic acid (VMA) was discontinued. Using the value of 30 mg/100 ml as the lower limit of normal for glucose in blood, the study patients were divided into three groups: group A (16 subjects), all values over 30 mg/100 ml; group B (5 subjects), one value under 30 mg/100 ml; group G (5 subjects), two or more values less than 30 mg/100 ml.
Introduction
The blood glucose level of the normal newborn falls following birth and separation from the placenta. An appreciable number of infants fail to maintain adequate glucose homeostasis. In a previous paper [7] it was reported that 22 % of 59 patients fasted for the initial 16 -36 h of life demonstrated blood sugar values of less than 40 mg/100 ml (Somogyi-Nelson method). In this study, all hypoglycemic infants appeared to have adequate stores of liver glycogen which were mobilized readily by exogenous epinephrine. It had previously been shown that newborn infants are capable of responding to insulin-induced hypoglycemia with increased excretion of epinephrine in the urine [6] . This seeming paradox raised the question of the capability of hypoglycemic newborns to release endogenous catecholamines in response to a hypoglycemic stimulus. The present study was conceived to determine whether the excretion of catecholamines in the urine by the newborn could be correlated with his own blood glucose profile, with particular reference to the capacity of the neonate to maintain his blood glucose above 30 mg/100 ml (glucose oxidase method).
Subjects and Methods
Twenty-six full term infants, delivered vaginally, were chosen for study. The mothers of all the infants were enrolled in the Child Growth and Development Program [16] . The pregnancies were essentially routine. Anemia of a mild-to-moderate degree was noted in 13 mothers. One woman experienced a mild toxemia characterized by edema that responded to a thiazide diuretic. Another mother had moderate hypertension controlled by magnesium sulfate. A third had a moderate anemia as well as pyelonephritis adequately treated with Gantrisin. Three women exhibited glycosuria during their pregnancies, and all had oral glucose tolerance tests that were normal. Three women received 5 % glucose intravenously; the mother of infant A10 was infused for only 12 min prior to delivery, infant A9's mother received 500 ml, and infant B3's mother received 1,000 ml prior to delivery. The details of anesthesia, duration of labor, condition of the neonate, nature of the hospital course of the infants and their condition at follow-up are given in table I.
Mixed venous and arterial cord blood was obtained at birth. The infant was strapped for urine collection, and wrapped in blankets. An external source of heat was used to avoid chilling. Capillary blood samples were obtained hourly from the warmed heel and precipitated at the bedside to avoid erroneously low blood glucose values [3] . When the infant voided spontaneously, the time was noted and the urine collection discontinued. The urine was placed in 6 N HC1 and frozen until analyzed. A capillary blood sample was taken, and then 0.03 mg/kg epinephrine was injected subcutaneously. A final specimen of blood was obtained 45 min after the epinephrine injection. All children in this study were under continuous observation. No evidence of symptomatic hypoglycemia was detected. The use of the first voided urine was chosen to avoid subjecting the infants to the inherent risks of bladder catheterization.
Blood glucose was measured by the glucose oxidase method [15] . The precision of the method was ±0.94 mg/100 ml. Catecholamines in urine were determined by minor modifications of the fluorometric procedures of ANTON and SAYRE [1, 2] . Vanillylmandelic acid (3-methoxy, 4-hydroxymandelic acid) was analyzed by a modification of the PISANO et al. technique [9] .
All samples were done in duplicate. Recoveries done daily averaged: epinephrine (E), 77% (range 60-88%); norepinephrine (NE), 80% (range 60-94%); metanephrine (M), 99% range (80-115%); and normetanephrine (NM), 99% (range 81-120%). No corrections were made based upon the recoveries. All urines were hydrolyzed prior to separation and analysis : the results given are thus total catecholamines. For purposes of comparison, catecholamine excretions are expressed in nanograms per kilogram per hour.
Results
Twenty-six infants were studied. There were 16 males and 10 females. The mean duration of study was 11.5 h, with a range of 6-20 h. Using the value of 30 mg/100 ml as the lower limit of normal for blood glucose in the newborn [4] , it was possible to divide the subjects into three groups: group A (16 subjects), all blood glucose values over 30 mg/100 ml; group B (5 subjects), one blood glucose value less than 30 mg/100 ml; and group C (5 subjects), two or more blood glucose values less than 30 mg/100 ml.
Group B was separated from the normoglycemic group A and the frankly hypoglycemic group C. It seemed reasonable to analyze the subjects in three separate groups on the assumption that the normoglycemic subjects would not experience an endogenous stimulation to catecholamine production, whereas the hypoglycemic subjects would be stimulated to enhance catecholamine production or release. The individuals of group B might differ from the other subjects in that they may have received a transient stimulation to catecholamine release which then may have maintained normal levels of blood sugar throughout the balance of the study period. Some comment is indicated concerning the higher incidence of low blood values in the present series compared with others reported in the literature. We have previously reported that 22% of 59 patients fasted 16-36 h after birth exhibited blood sugar values by the Somogyi-Nelson method of less than 40 mg/100 ml [7] . CORNBLATH et al. [4] found that for 6 h after birth 8 of 350 determinations (2.3%) of true blood sugar yielded values below 30 mg/100 ml. The low values were found in seven infants. In the present report, true blood glucose values below 30 mg/100 ml were noted in 10 of 26 subjects. The increased incidence of low values in our series may be explained in part by the fact that in almost all our patients blood glucose was Apgar score at 1 min 10 9 10 10 10 10 9 10 10 10 10 10 10 9 9 10 9 10 9 9 10 9 9 10 10 10 1 A = anemia; H = hypertension; T = toxemia; P = pyelonephritis. 2 N 2 O = nitrous oxide-0 2 ; P = penthrane; C = cyclopropane; B = block; SP = spinal. 3 To nearest hour. 4 Mothers of subjects were infused intravenously with 5% glucose prior to delivery. 5 All infants except C5 had a normal course during the neonatal period; C5 had a rectal abscess. 6 Patients were examined three times during the first year of life: at 4 months, all were normal, but patients Al, A8, A10, All, and B2 were not examined; at 8 months, all were again normal, hut patients A13, B2, and C4 were not examined; at 1 year all were normal, but again patients A13, B2, and C4 were not examined. Patient C3 was examined again at 36 months and found to be normal. measured at hourly intervals for periods as long as 20 h after birth (table II) . In the CORNBLATH series, the 3-and 5-h measurements were not made and the observations were discontinued after 6 h. Levels of catecholamine excretion, with means and standard error of the mean, are given in table III. The large patient-to-patient variability has been the experience of others [5, 6, 11, 12, 14] . Comparison of the means by groups revealed no significant differences in individual or total catecholamine excretions. It can be seen, however, from table II, that the two patients who were judged to be the most severely hypoglycemic in magnitude and duration showed the lowest values for excretion of epinephrine of the entire study group. This relation was strengthened when use was made of nonparametric statistical analysis. The Mann-Whitney U test [13] was used to compare the excretion of epinephrine in the 16 patients who maintained a normal glucose with that from the 10 patients of groups B and C who failed to maintain normal glucose homeostasis. A P value of less than 0.05 was obtained, suggesting that the ability to maintain adequate blood glucose levels was associated with a higher level of epinephrine excretion.
Epinephrine is metabolized to metanephrine and both contribute to total VMA excretion. Nonparametric statistical analysis of the data did not show a significant difference in E+M or E + M + VMA excretion among the study groups. This negative finding does not support our hypothesis of deficient epinephrine release as a contributory factor in spontaneous neonatal hypoglycemia. It is not possible to estimate the proportion of VMA excretion derived from endogenous epinephrine, which is regarded as the sole source of metanephrine. For these reasons it must be acknowledged that excretion of epinephrine cannot be equated with epinephrine release. In our present state of knowledge, further speculation on this discrepancy does not appear to be warranted.
In patient C3, values of NE, M, NM, and VMA were generally higher than those noted in the other subjects. Repeated determinations confirmed these values as accurate. Were they spuriously high by a large factor, our hypothesis of impaired epinephrine secretion in neonatal hypoglycemia would have been strengthened. Levels of catecholamines in urine were determined in nine newborn infants who were treated in a fashion similar to the study groups except that they were not subjected to heel punctures as repeated unpleasant stimuli.
The results expressed as mean±SD were: E, 7.73± 5.36; NE, 35.3±22.9; M, 52.8±33.9; NM, 201±140; and VMA, 899±356 ng/kg/h. The only significant difference between these values and those of the study group lay in the levels of epinephrine excretion where significant differences were found between these subjects and those in group A. It seems reasonable to attribute the observed difference to the lack of stimulation by heel punctures.
A rise in blood glucose concentrations was observed after epinephrine injection in all groups, with no differences between them. The observed increments in groups A, B, and C were 25.9±3.3, 27.3±2.9, and 27.3±5.2 mg/100 ml, respectively. An equivalent hyperglycemic response to exogenous epinephrine in the three groups with varying capacity to maintain normoglycemia confirms the previous results of this group [7] . It is generally accepted that the human newborn can release catecholamines in response to specific stimuli during week 1 of life. GREENBERG «i aL [6] demonstrated a selective rise of epinephrine in the urine in seven infants, aged 2-7 days, whose blood sugars (HagedornJensen method) were reduced at least 30% by the injection of insulin. Norepinephrine excretion was unchanged by the hypoglycemic stimulus. STERN and co-workers [13] showed that insulin-induced hypoglycemia in two normal children, aged 15-30 days, was accompanied by an increase in epinephrine excretion of 3 75 and 680 %. It is disappointing but not surprising that comparison of the group means did not reveal significant differences between group A (no hypoglycemic values), group B (a single hypoglycemic value), and group C ) . Although a number of factors may contribute to this result, the most likely explanation may have to do with the reliance on epinephrine values of the urine rather than of the blood, and the decision to terminate the experiment with the first voiding rather than at some arbitrary end point. This was obviously necessitated by the decision not to subject the babies to the hazards of bladder catheterization. Thus, in patient Cl, the adequate epinephrine excretion may reflect relatively high epinephrine secretion during the final hours of the study during which the infant was able to restore her blood glucose levels to the normal range. Analysis of the total urinary sample would obviously obscure such an uneven pattern of epinephrine release. In two other subjects in this group, C3 and C4, the period from birth to voiding and termination of the study was relatively short (10 and 6 h, respectively). Stimulation of endogenous epinephrine release by the rapid fall in blood glucose levels after birth may have occurred but not have been sustained. Again, this would not be apparent by expression of the data in nanograms per kilogram per hour. A longer period of observation might have revealed a lower total epinephrine excretion rate. Similar reasoning might be applied to the patients in group B, all of whom showed evidence of recovery from a single blood glucose value of less than 30 mg/ 100 ml. It is possible that a significant increase in excretion of epinephrine in the urine in this group might well have been masked when diluted out into urinary collections that were collected over periods of 7-20 h duration.
These results are comparable to the work of LIGHT and co-workers [8] . Three of seven infants of diabetic mothers who had severe hypoglycemia excreted no detectable epinephrine in their urine. The four other infants of diabetic mothers with severe hypoglycemia, however, exhibited epinephrine excretions that were similar to or slightly increased over that seen in the control infants. The interpretation of their results (that is, hypoglycemic infants with epinephrine excretions in urine comparable to control infants) presents the same difficulties in interpretation as encountered in the present report.
The present study corroborates the previous observation [7] that hypoglycemia may occur in newborn subjects who are able to exhibit a hyperglycemic response to exogenous epinephrine. It further suggests that there is an association between the ability of a newborn to maintain his blood glucose at normal levels and higher levels of epinephrine excretion. This is supported by the finding that the lowest levels of epinephrine excretion in the study group were encountered in the two subjects most profoundly hypoglycemic in terms of magnitude and duration (C2 and C5). The difference in epinephrine excretion between those children who were able to maintain adequate blood glucose concentrations during the period of study (group A) and those who fell below 30 mg/100 ml (groups B and C) was significant at P < 0.05 when analyzed by a nonparametric statistical test. A logical extension of these findings would be that there are some instances of neonatal hypoglycemia which may be the result of failure to respond to a hypoglycemic stimulus with increased epinephrine release. The absolute etiologic role of epinephrine in neonatal hypoglycemia is not likely to be firmly established until methods are developed that will permit the serial analysis of blood concentrations of this hormone in small infants. Within these limitations, however, it does appear reasonable to assign a role to failure of endogenous epinephrine release in certain instances of spontaneous hypoglycemia of the newborn. A major question which still remains is whether this failure of epinephrine release is itself primary, or whether asymptomatic hypoglycemia is not a sufficient stimulus for adrenal activation in these children.
Summary
The relation between glucose levels in blood and catechol excretion in urine were studied in 26 normal fullterm infants from birth to time of first voiding. Capillary specimens for blood glucose measurements were obtained hourly. After the first collection, 0.03 mg/kg epinephrine was administered and a final blood specimen was obtained 45 min later.
Using a blood glucose value of 30 mg/100 ml, the patients were divided into three groups. Group A included 16 patients who had no blood glucose values less than 30 mg/100 ml; they were considered normal controls. Five patients in group B had one blood glucose value below 30 mg/100 ml, and five infants with two or more blood glucose values below 30 mg/100 ml were assigned to group C.
No differences in individual or total catecholamine excretion were found when the means of these groups were compared. The lowest epinephrine values, however, were found in the two most severely hypoglycemic subjects, and nonparametric statistical analysis of the data (P<0.05) suggested that the ability to maintain a normal blood glucose value was associated with a higher level of epinephrine excretion. A good rise in blood glucose levels was observed after exogenous epinephrine in all groups.
